Rhodolith beds are one of the main benthic communities dominated by marine macrophytes (Foster 2001) and are a critical habitat for conservation in coastal areas (Hall Spencer 1998; Steller et al. 2009; RiosmenaRodriguez et al. 2010; AmadoFilho et al. 2012 ) as well as a ground for fisheries (Hall-Spencer 1999; Hall-Spencer and Moore 2000; Bordehore et al. 2003; Nelson 2009 ). The early calcified and branched structure of the rhodoliths constituting the beds physically influences the benthic environment and provides three dimensional habitats. These habitats increase biodiversity in mobilesubstrate bottoms and represent a refuge for several organisms (Steller et al. 2003; Kamenos et al. 2004; Figueiredo et al. 2007) , which also play an important ecological role as ecosystem en gineers (Jones et al. 1994; Bruno and Bertness 2001; Bordehore et al. 2003; Steller et al. 2003; Figueiredo et al. 2007; Harvey and Bird 2008; Sciberras et al. 2009 ).
Low coastal topography and extensive wavecut plat forms feature a wide range of settings with rhodoliths and rhodolith materials captured in tidal pools and platform overwash deposits, as well as beach, berm, hurricane, tsunami, and coastal dune deposits (Johnson et al. 2012 ).
Records of offshore rhodolith redeposition are described from Recent and fossil material (Checconi et al. 2010 ).
The shallowwater highhydrodynamic beds are usually characterized by spheroidal rhodoliths which are fre quently overturned by waves or currents that also remove sediments. Discoidal to ellipsoidal rhodoliths are occa sionally overturned and tend to be buried in beds especially in deeperwater lowerhydrodynamic settings (e.g., Braga and Martín 1988; Minnery 1990; Aguirre et al. 1993; Basso and Tomaselli 1994; Steller and Foster 1995; Foster et al. 1997; Marrack 1999; Rasser and Piller 2004; Bassi et al. 2009; 2013; Basso et al. 2009; Johnson et al. 2011 ).
The rhodolith morphology has been also shown to be more related with the time of formation than with energy.
Thus, during short intervals rhodoliths exposed on the sea-floor can inherit the morphology of the nucleous (Braga and Martín 1988; Aguirre et al. 1993) .
During the rhodolith growth the biotic composition of the rhodoliths reflects changes in some environmental parameters such as water temperature and bathymetry (e.g., Minnery et al. 1985; Steller and Foster 1995; Foster et al. 1997; Foster 2001; Bassi et al. 2012a) . Variations in biotic composition as well as differences in coralline algal mor phology can be used to assess the paleoecological settings of fossil rhodolith beds (e.g., Basso and Tomaselli 1994; Braga and Aguirre 2001; Nebelsick et al. 2005; Nalin et al. 2008; Bassi et al. 2012a) . Little is known about deep water rhodolith communities. Few studies on the rhodolith community structure, carried out along the Brazilian con tinental shelf, identified macroalgae (Figueiredo 2006; AmadoFilho et al. 2007; 2010) and associated fauna (Figueiredo et al. 2007; Santos et al. 2011; Berlandi et al. 2012; Tâmega et al. 2013 ).
This study presents information about the coralline formingrhodolith taxonomic composition in a rhodolith bed located at approximately 100 m water depth within the Peregrino oil field, in the Campos Basin. Results suggest that the studied deepwater rhodolith bed is charac terized by dominating coralline algae, associated with sub ordinate bryozoans, cnidarians, brachiopods and pori fers, and was still active at least from the late Pleis tocene.
Material and Methods

Sampling stations and characterization of the rhodo lith bed
The studied rhodolith bed comprehends an area of ap proximately 40 km 2 , located in the Peregrino oil field within the Campos Basin, a major oil production area at the Brazilian central continental shelf. This area is char acterized by the low water temperatures (6-20℃) of the South Atlantic Central Waters (Silveira et al. 2000 
Sampling methods and rhodolith analysis
A rectangular dredge trawl (160 l) was used to sample rhodoliths in three stations characterized by dense in press). Sections of ninety isolated rhodolith specimens from this rhodolith bed were made, using a geological saw and successively polished in order to prepare petrographic sections (method in Kerr 1959) . The resulting carbon dioxide was cryogenically purified from other reaction products and catalytically converted to graphite by reaction with hydrogen at 580℃ during 2 hours (Cherkinsky et al. 2010) . Graphite 14 C/ 13 C ratios were measured using CAIS 0.5MeV AMS. The sample ratios were compared to the ratio measured from Oxalic Acid I standard (NIST SRM 4990). 14 C/ 13 C ratio is the measured parameter on the accelerator, which is normally used for are calculation with the reference to the same ratio of the primary standard with the subtraction from this ratio of the blank measurement. The quoted uncalib rated dates have been given in radiocarbon years before 1950, using the 14 C halflife 5,568 years. The dates were calibrated using marine version of CALIB 6.9 program (Reimer et al. 2009 ).
The relative cover of the rhodolithconstituting biotic composition (e.g., coralline red algae and associated fauna) from living surface through the inner arrangement was assessed by oneway ANOVA (Sokal and Rohlf 1995) . When significant, differences were investigated with Tukey test (Zar 1999) . Before the oneway ANOVA, data homoscedasticity was verified with the Cochrans test (Fig. 2 ).
In the three stations, rhodolith most frequent sizes are from 2.0 to 4.0 cm for the long axis (n＝30 for each sampled station) ranging from 2.7 to 15.0 cm (mean: 6.3 cm) with shapes ranging from subspheroidal to sub discoidal (Fig. 3 ). In the station 1 sample, majority was classified into subspheroidal. Station 2 has similar distribution. Station 3 shows a more scattered pattern, and 17 of 29 (59%) rhodoliths are subspheroidal.
The inner rhodolith massive arrangement, generally asymmetrical, is dominated by coralline algae associated with subordinate encrusting foraminifera, vermetid tubes, polychaete calcified tubes and bryozoans (Fig. 4) . Encrust ing foraminifera are represented by acervulinids (Acervulina inhaerens Schulze, 1854) that occasionally can contribute in making nodules up to the 80% (mac roids). In contrast to the surface coverage (Fig. 2) , the inner structure consists of different compositions of phyla (Fig. 5) . Coralline algae share 45% in Station 1 and 60%
in Station 2 and 3. Foraminifera occupy about 20% in Station 1 and 2 but only 10% in Station 3. The station 2 sample contains less Mollusca and Polychaeta, nearly a half, compared to Station 1 and 3.
Significant differences between relative cover in the inner rhodolith structure of coralline algae and benthic faunal groups were detected in the sampled stations 1 p≤0.0001) and 3 (ANOVA F＝31.4, p≤0.0001) (Fig. 5 ).
Radiocarbon calibrated age estimates for outer rhodolith surface, range between modern and 4,734 Cal years B.P.
( Table 1) . Table 1 presents the sample number, δ 13 C (‰), Delta R, the Conventional age and Calibrated age (2 sigma). The stable isotope for outer coralline layers reflect the isotopic composition of dissolved inorganic carbon (DIC) in the water. The DIC is changing with the time after the changing of upwelling currents and we can ob serve this changes, for example, the samples, which have got the same age have also the identical δ 13 C ratios.
The samples were collected in the same area or close to each other we used the same delta R value averaged for this location.
Discussion
In the Peregrino oil field the coralline red algae grew as The encrusting pattern observed in the studied rhodo liths may begin with fastgrowing corallines followed by acervulinids, which were the initial pioneers of multi specific nodules on a bioclastic and carbonate sandstone.
Subordinately vermetids and bryozoans contributed to the rhodoliths (Figs. 2, 4 and 5). These faunal components
play ecological interactions with coralline red algae which were as colonizing species making up the rhodolith habitat in Recent and ancient times. In the studied material we identified macroids made up by Acervulina inhaerens, a In the Peregrino oil field, the sub-spheroidal to subdiscoidal rhodoliths (Fig. 3) with massive inner arrange ments suggest that the area was characterized generally by constant hydrodynamic conditions. The subspheroidal rhodolith shapes are in good accordance with a current bed setting where rhodolith growth was due to constant overturning, whilst the lowhydrodynamic conditions are recorded by more stable subdiscoidal shapes (e.g.,
Marrack 1999). The massive inner arrangement confirms
such a setting which was, however, even punctuated by little disturbance from currents and swells and possible periods of stability for the rhodoliths (Steneck 1986; Prager and Ginsburg 1989; Steller and Foster 1995; Basso 1998; Bassi et al. 2012b ).
Radiocarbon age estimates for the rhodolith stage within 3 mm of the outer rhodolith surface is up to calib rated ages of modern to 4,734 Cal years B.P. (Table 1 ).
The studied deepwater rhodoliths are growing on mobile carbonate substrate which with its lack in radiocarbon 
